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INTRODUCTION 


This  memorandum  is  concerned  with  an  angle  associated  with  towed- 
sonar  towlines.  Kite  angle  is  defined  and  the  means  for  measuring  it 
are  described. 


DEFINITION  OF  KITE  ANGLE 


While  towing  a towed-sonar  transducer,  it  is  desirable,  ideally, 
to  have  the  towline  lie  in  a vertical  plane  that  includes  the  direction 
of  motion.  Usually,  however,  the  towline  and  the  direction  of  motion 
form  a plane  that  is  inclined  to  the  ideal  plane. 


Figure  1 illustrates  the  geometry  of  kite  angle  as  viewed  by  a 
person  standing  on  the  port  side  of  the  fantail  of  the  towing  ship  and 
looking  aft  at  the  towline. 


Plane  AEHD  is  the  vertical  plane  that  includes  the  direction  of 
motion.  Plane  AEGC  is  the  plane  formed  by  the  towline  and  the  direction 
of  motion. 


Plane  DHGC  represents  the  surface  of  the  water.  Line  AG  represents 
a visible  portion  of  the  towline  that  emerges  from  the  water  at  point 
G and  proceeds  upward  and  forward  through  the  air  to  point  A,  a point 
on  the  outboard  sheave.  (The  sheave  itself  is  not  shown  in  Fig.  1.) 


Kite  angle  is  defined  (see  figure  1)  as  the  angle,  formed  on  a 
vertical  plane  ABCD  that  is  perpendicular  to  the  direction  of  motion, 
by  a vertical  line  AD,  in  that  vertical  plane  and  the  intersection,  line 
AC,  of  the  inclined  plane  AEGC  with  that  vertical  plane  ABCD. 


In  other  words,  it  is  the  angle  formed  on  a vertical  plane  perpen- 
dicular to  the  direction  of  motion  by  (1)  a vertical  line  and  (2)  the 
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horizontal  projection  of  the  towline  in  the  direction  of  motion  to  that 
vertical  plane. 

A DEVICE  FOR  MEASURING  KITE  ANGLE 


A proper  name  for  the  device  that  USL  has  been  using  to  measure 
kite  angle  is  probably  "towline  kite  angle  protractor";  however,  we 
usually  call  it  an  angleometer. 


An  angleometer  is  a rectangular  sheet  of  transparent  plastic  with 
lines  engraved  on  one  side.  These  lines,  suitably  marked  in  degrees, 
are  used  to  measure  kite  angle.  Figures  2 and  3,  USL  drawings  SKC-44454 
and  SKC-44455,  show  the  details  of  small-  and  large-size  angleometers. 
The  two  circular  holes  in  each  provide  means  for  holding  the  angleometer 
securely. 


The  line  marked  zero  (0)  at  top  and  bottom,  the  zero— degrees  line, 
is  the  line  that  is  made  to  be  vertical  during  use  on  board  ship.  The 
unmarked  line  that  is  perpendicular  to  and  crosses  at  the  middle  of  the 
vertical  line  is  the  horizon  line. 

MEASURING  KITE  ANGLE 
Effects  of  Ship  on  Measurements 

' It  is  obvious  that  the  towed  body  and  towline  must  follow  wherever 

the  ship  goes.  If  the  ship  tatees  a zig-zag  course,  the  kite  angle  will 
oscillate  between  port  and  starboard  extremes.  If  the  ship  is  on  a straight 
course  and  the  wind  is  blowing  across  the  ship  from  port  to  starboard, 
the  resultant  direction  of  the  ship  motion  will  be  to  the  right  of  the 
ship  heading  and  there  will  be  a port  component  of  kite  angle  induced  by 


the  wind. 


t 


If  we  are  interested  in  measuring  the  kite  angle  caused  by  the  towline 
and/or  towed  body  only,  it  is  necessary  for  the  ship  (1)  to  take  a 
heading  into  or  with  the  true  direction  of  motion  of  the  wind  and  (2) 
to  make  a straight  wake. 


Obtaining  Kite  - Angle  Values 

In  measuring  the  kite  angle,  a man  with  an  angleometer  stands  on 
the  fantail  and  looks  in  a direction  opposite  to  the  direction  of  motion 
to  the  apparent  point  where  the  towline  crosses  the  horizon.  It  may 
be  necessary  for  him  to  move  to  port  or  starboard  from  his  first-selected 
viewing  position  in  ordor  to  position  his  eyes  in  the  proper  place  to 
meet  those  conditions.  He  then  holds  the  angleomeoer  with  both  hands  (l) 
between  his  eyes  and  the  towline  and  (2)  in  a plane  parallel  to  plane 
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ABCD  of  Figure  1.  He  then  positions  the  horizon  line  of  the  angleometer 
in  line  with  the  horizon  and  positions  the  vertical  line  so  that  it  and 
the  towline  appear  to  cross  the  horizon  at  the  same  point.  See  Figure  4. 

He  then  reads  the  angle  on  the  angleometer  that  corresponds  to  the  towline 
position.  By  means  of  several  readings,  average  kite  angle  and  kite  angle 
extremes  can  be  determined  to  within  5 degrees. 

Kite  angles  may  be  either  to  port  or  starboard.  Figure  1 shows  a 
kite  angle  of  30  degrees  to  port.  When  using  the  angleometer  to  measure 
port  kite  angles,  as  shown  in  Figures  1 and  4,  it  is  necessary  and  desirable 
to  hold  the  angleometer  with  your  two  hands  as  you  revolve  it  about  the 
horizon  line  so  that  the  angle  graduations  on  the  angleometer  are  aligned 
properly  with  the  towline  inclination. 

The  kite  angle  shown  in  Figure  1 is  designated  a port  kite  angle  be- 
cause the  towline  enters  the  water  to  port  of  the  outboard  sheave.  (Point 
G lies  to  port  of  point  A.)  If  the  towline  kites  to  starboard,  the  point  of 
its  entry  into  the  water  would  lie  to  starboard  of  the  outboard  sheave. 

Because  of  the  method  of  making  measurements  of  the  kite  angle,  it  is 
necessary  to  be  able  to  see  the  horizon  and  the  towline.  This  restricts 
the  method  to  daylight  hours  on  non-foggy  days. 

MEASUREMENTS  FOR  TOWLINE  AND/OR  T0WED-B0DY  ADJUSTMENTS 

Since  large  kite  angles  are  undesirable,  kite  angle  may  be  measured 
during  the  process  of  making  towline  and  towed-body  adjustments  to  reduce 
the  angle.  The  adjustments  that  we  have  in  mind  are  those  required  to  be 
made  for  stern-towed  towlines  and  bodies. 

When  measuring  kite  angles  for  application  to  adjustments  of  a tow- 
line  and/or  a towed  body,  it  is  important  that  these  steps  be  followed: 

1 . The  time  for  making  the  measurements  should  be  during  daylight 
hours  when  there  is  no  fog. 

2.  The  ship  heads  into  or  with  the  wind. 

3.  The  helmsman  steers  to  make  a straight  wake. 

4.  The  man  with  the  angleometer  positions  his  eyes  properly  athwurtshiD 
in  relation  to  the  direction  of  motion  and  the  point  where  the  towline 
appears  to  cross  the  horizon. 

5.  The  man  with  the  angleometer  holds  the  angleometer  up  and  before 
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his  eyes,  positions  it  properly  in  relation  to  ( 1 ) plane  ABCD  of  Figure  1 
(2)  the  horizon,  and  (3)  the  towline. 


6.  He  looks  through  the  angleometer  and  sees  what  is  dlagraomatically 
shown  in  Figure  4. 


RECOMMENDATIONS 


It  is  recommended  that  the  procedures  that  were  discussed  for 
measuring  kite  angles  be  followed.  The  procedure  is  considered  to  be 
reasonably  reliable  and  to  have  an  accuracy  sufficient  for  the  purposes 
intended. 


DONALD  A.  NICHOLS 
Mechanical  Engineer 
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DISTRIBUTION  LIST 
EXTERNAL 

BUSHIPS  (Code  1633) 

BUSHIPS  (Code  1633D) 

DM©  (Code  548) 

NASL  (Code  109) 

NASL  (Code  9360) 

EMEC  (Norfolk)  (Code  910) 

CCMCRUDESLANT 
CCMCRUDESPAC 
CCMASFORLA’W 
COMOPTEVFOR 
CCMNLONTEVDET 
COMKWESTEVDET 
COMDESDEVGRU  TWO 
NEL  (Code  3140C) 

Shipyards 

Boston  Naval  Shipyard 

New  York  Naval  Shipyard 

Mare  Island  Naval  Shipyard 

Pearl  Harbor  Naval  Shipyard 

Philadelphia  Naval  Shipyard 

Norfolk  Naval  Shipyard 

Charleston  Naval  Shipyard 

Puget  Sound  Naval  Shipyard 

San  Francisco  Naval  Shipyard 

Long  Beach  Naval  Shipyard  (Mr.  J.  M.  Arnold) 

Long  Beach  Naval  Shipyard 

(Cdr  J.  B.  Berude) 

(Companies) 

McKiernan-Terry  Corp.  Contr  #81240 
Telephonies  Corp.  Contr  # 77626 
DRL  (H.  Hillery) Contr  #72627 
Western  Gear  Corp.  Contr  # 91340 
Illinois  Tool  Works, Contr#92 149 
Destroyer  Tenders 
USS  DIXIE  (AD-14) 

USS  PRAIRIE  (AD-15) 

USS  PIEDMONT  (AD-17) 

USS  SIERRA  (AD-18) 

USS  Y0S SMITE  (AD-19) 

USS  CASCADE  (AD-16) 


Destroyer  Tenders  (cont.) 
USS  ARCADIA  (AD-23) 

USS  EVERGLADES  (AD-24) 

USS  FRONTIER  (AD-25) 

USS  SHENANDOAH  (AD-26) 

USS  YELLOWSTONE  (AD-27) 
USS  GRAND  CANYON  (AD-28) 
USS  ISLE  ROYALE  (AD-29) 
USS  TIDEWATER  (AD-31) 

USS  BRYCE  CANYON  (AD- 36) 


Destroyer-Type  Ships 
USS  AULT  (DD-698) 

USS  KENNETH  D.  BAILEY  (DDR-71?) 
USS  CHARLES  BERRY  (IK-1 035) 

USS  BLUE  (DD-744) 

USS  JOHN  A.  BOLE  (DD- 755) 

USS  BORIE  (DD-704) 

USS  BUCK  (DD-761) 

USS  COLLETT  (DD-730) 

USS  ALFRED  A.  CUNNINGHAM 
(DD-752) 

USS  DE  HAVEN  (DD-727) 

USS  FRA M(  E.  EVANS  (DD-754) 

USS  DOUGLAS  H.  FCK  (DD-779) 

USS  GOODRICH  (DDR-831) 

USS  ROBERT  K.  HUNTINGTON 
( DD-781 ) 

USS  INGRAHAM  (DD-694) 

USS  JENKINS  (DDE-4471 
USS  LAFFEY  (DD-724) 

USS  WALLACE  L.  LIND  (DD-703) 

USS  LOFBERG  (DD-759) 

USS  LOWRY  ( DD-770) 

USS  MANSFIELD  (DD-728) 

USS  MASSEY  (DD-^78) 

USS  MO ALE  (DD-693) 

USS  NICHOLAS  (DDE-449) 

USS  O'BKEN  (DD-725) 

USS  JAMES  C.  OWENS  (DD-776) 

USS  FRANK  KNCK  (DD-742) 

USS  HUGH  PURVIS  (DD-709) 
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Distribution  List  (cont) 
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USS  PUTNAM  (DD-757) 
USS  RADFORD  ( DDE-446) 

USS  ERNEST  G.  SMALL  (DDR-838) 

USS  CHARLES  S.  SPERRY  ( DD-697) 

USS  STORMES  (DD-780) 
USS  STRONG  (DD-758) 

USS  ALLEN  M.  SUMNER  (DD-692) 

USS  TAUSSIG  (DD-746) 

USS  JOHN  W.  THOMASON  (DD-760) 

USS  TURNER  (DDR-834) 
USS  WALDRON  (DD-699) 
USS  VALKE  (DD-723) 

USS  JOHN  WILLIS  (DE-1027) 

USS  WITEK  (DD-848) 

USS  ZELLARS  (DD-777) 

Internal 

USL  Codes  200 

100 

210 

101 

212 

900 

212a 

900A 

930 

900B 

932 

900C 

933 

930S 

933.2 

902 

933.3 

904.2  (5) 

935.6 

935.7 

G.  E.  Christensen 

S.  M.  Rupinski 

G.  N.  Williams 

R.  I.  Welsh 

K.  T.  Patton 
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